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INTRODUCTION 
 

BladeFS (Blade Fatigue Static) is a MATLAB® script that was developed to determine loads and 

deflections associated with fatigue and static structural testing of wind turbine blades using matrix 

based finite element analysis.  Features include blade property and target test load generation 

functions, saddle and winch optimization routines, a simple graphical user interface, an easy to 

manipulate excel input file, and word and excel summary output files. 

 

The finite element model of the wind turbine blade utilizes rigid-body, lumped mass, Timoshenko beam 

theory with six degrees of freedom (flapwise displacement and rotation, edgewise displacement and 

rotation, axial displacement, and torsion). Blade property and target test load generation functions are 

based on historical data from horizontal-axis, three-bladed, land-based, utility scale wind turbines with 

blades ranging 9 to 60 meters in length. Mode shapes and excitation frequencies are computed using 

Eigen analysis with a cantilever beam boundary condition (twist coupled using Euler angles). Work on a 

more detailed theory manual is currently in progress and will be made available in the near future. 

 

 

Blade Finite Element Model 
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DISTRIBUTED FILES 
 

Here is a list of the files included in the BladeFS archived distribution folder. 

 

 BladeFS_UserGuide – This user guide in pdf format. 

 BladeFS – Runtime application in executable format. 

 SampleInputFile1 – Example input file with known blade/test parameters in excel format. 

 SampleInputFile2 – Example input file with unknown blade/test parameters in excel format. 

 AlphaChangeLog – Change log in text format. 

 Disclaimer – Disclaimer agreement in text format. 
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INSTALLING THE CODE 
 

In order to run BladeFS, the MATLAB® Compiler Runtime (MCR) must be installed first, which will require 

about 432 MB of hard drive space.  The MCR is a standalone set of shared libraries that enables the 

execution of MATLAB® scripts on computers without an installed version of MATLAB® and associated 

licensing.  This only needs to be installed once. 
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INPUT FILE 
 

The input file is an excel spreadsheet, which was chosen for ease of data manipulation to help reduce 

setup time.  The input file must contain the following worksheet tabs:  blade data, load data, saddle 

data, and winch data.  Additional worksheet tabs are allowed.  The order of the tabs does not matter, 

the data does not need to start on a specific cell, and the length of the data does not matter.  However, 

it must have the correct formatting and cannot be preceded by other numerical information.  The two 

sample input files are explained in further detail as follows. 
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Sample Input File 1 – Blade Data Tab 

 

 

Sample Input File 2 – Blade Data Tab 

 

The blade data tab (must be named "blade data") contains the blade properties which consists of the 

percent blade station (%), blade station (m), mass-per-unit-length (kg/m), chord length (m), flap stiffness 

(Nm2), edge stiffness (Nm2), torsional stiffness (Nm2), axial stiffness (N), and twist (deg), in that order 

and those units.  If a property parameter is unknown, put zero and the code will develop a prediction 

(except for twist).  Since the predictions are based on blade length, the user must specify at least two 

blade stations – the root and tip (as shown in Sample Input File 2). 
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Sample Input File 1 – Load Data Tab 

 

 

Sample Input File 2 – Load Data Tab 

 

The load data tab (must be named "load data") contains the target test loads which consists of the blade 

station (m), fatigue range load (Nm), fatigue mean load (Nm), and static load (Nm), in that order and 

those units, for both the flapwise and edgewise directions.  If a load parameter is unknown, put zero and 

the code will develop a prediction (you do not need to specify stations as the code will obtain blade 

length from the blade data tab). 
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Sample Input File 1 – Saddle Data Tab 

 

 

Sample Input File 2 – Saddle Data Tab 

 

The saddle data tab (must be named "saddle data") contains the saddle configuration which consists of 

the location (m), weight (N), lower weight limit (N), and upper weight limit (N), in that order and those 

units.  For a fatigue test simulation, the resonant test system (RTS) must be specified in the first row 

with additional saddles in subsequent rows (as shown in the sample input files).  If a saddle parameter is 

unknown, put zero and then select the yes option for the saddle optimizer to optimize the saddle 

locations and weights based on the selection of either the range or mean option in the saddle optimizer 

target load box.  There must be a row for each saddle in order for the code to determine the desired 

number of saddles. 
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Sample Input File 1 – Winch Data Tab 

 

 

Sample Input File 2 – Winch Data Tab 

 

The winch data tab (must be named "winch data") contains the winch configuration which consists of 

the location (m), load (N), and load limit (N), in that order and those units.  If a winch parameter is 

unknown, put zero and the code and then select the yes option for the winch optimizer to optimize the 

winch locations and loads based on the static target load and test direction.  If the blade direction and 

test direction are the same, then the saddle weights will contribute to part of the applied test load. 
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RUNNING THE CODE 
 

Once the input file is created and MCR is installed, the code may be run by double-clicking on the 

BladeFS application executable icon.  This will initiate the BladeFS graphical user interface (GUI) 

accompanied by a command prompt window.  Selecting the type of test (fatigue or static) will 

automatically adjust the available GUI options. 

 

 

BladeFS – Fatigue Test Option 



BladeFS v1.00 USER GUIDE 

 12  

The blade direction option allows the user to select the primary orientation of the blade with respect to 

horizontal.  This affects the mean loads for fatigue tests and the contribution of gravity loads for static 

tests.  For example, if the blade direction = flap and the test direction = flap, then there would be a 

mean load component for fatigue tests and the applied test load would be the combination of winch 

loads and the gravity load for static tests. 

 

The test direction option allows the user to select the primary test direction, which defines the targets 

for the saddle optimization routine (with the assumption that the saddles should be optimized in the 

flap direction for a dual-axis test). 

 

The damping option allows the user to select whether the code should estimate the damping or use the 

specific damping value provided.  If the user defined option is selected, the damping value must be 

between zero and one hundred. 

 

The input file option allows the user to select the input file, which can be located in any folder or 

directory. 

 

The blade name option allows the user to specify the blade name.  This can be used to identify specific 

runs as the output files will be located in a folder with that name.  No special characters are allowed. 

The number of elements option allows the user to specify the number of elements used for the blade 

finite element model.  The number of elements value must be equal to or greater than one.  Note that 

increasing the number of elements will increase the computation time, but generally provides more 

accurate results. 

 

The flap and edge actuator stroke options allow the user to specify the dynamic stroke lengths of the 

resonant test system actuators. 

 

The saddle optimizer option provides the user with a built-in optimizer tool to determine saddle 

locations and weights based on either the range or mean fatigue target test loads.  If the optimizer is 

selected and the saddle locations are specified in the input file, the code will only optimize the weights.  

If the saddle locations are not specified, then the code will optimize both the locations and weights. 
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Pressing the run button will initiate the test simulation.  The button will turn green during computation, 

and then back to gray when idle.  If an option is not properly selected, the button will turn red.  There is 

status indicator text below the run button which will display a brief description of any error. 

 

 

BladeFS – Static Test Option 

 

Since most of the GUI options are the same for the static test option, only the differences will be 

explained here. 
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Again, the test direction option allows the user to select the primary test direction, which defines the 

targets for the winch optimizer (with the assumption that if the blade direction and test direction are 

the same, then the applied test load and corresponding winch loads will be reduced by the combined 

blade and saddle loads). 

 

The winch optimizer option provides the user with a built-in optimizer tool to determine winch 

locations and loads based on the static target test loads.  If the optimizer is selected and the winch 

locations are specified in the input file, the code will only optimize the loads.  If the winch locations 

are not specified, then the code will optimize both the locations and loads. 
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OUTPUT FILES 
 

The results are compiled in a word document and an excel spreadsheet.  Both output files can be found 

in the same directory as the BladeFS executable under a folder with the specified blade name.  The word 

document provides a summary report with figures of the blade properties, loads, and deflections.  The 

excel spreadsheet contains the numerical values for the blade properties, loads, deflections, saddles, 

winches, and other test parameters. 

 



BladeFS v1.00 USER GUIDE 

 16  

FEEDBACK 
 
We are interested to hear your feedback about the code.  Please send your comments and questions via 
email to: 
 
Michael J. Desmond Jr. 
BladeFS Developer 
michael.desmond@nrel.gov 
303.384.7121 
 
- or - 
 
Marshall L. Buhl Jr.  
Webmaster 
marshall.buhl@nrel.gov  
303.384.6914 
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